Social parasitism is an intriguing model of arms-race coevolution, in which the parasite exploits the host social system. The parasite evolves to breakdown the host's defenses. We analyzed the role of 2 pseudoscorpion species that live in mixed colonies in the Brazilian Cerrado (tropical savannah). Multispecies aggregation is a rare phenomenon among arachnids. Mixed pseudoscorpion colonies were studied in nature and in the laboratory during a period of 7 years and the hypothesis of a relationship based on social parasitism between species was evaluated, including the main strategies involved. Experiments and direct behavioral observations indicated that the pseudoscorpion Parachernes melanopygus is a social parasite of Paratemnoides nidificator, able to invade host colonies and exploit their resources by simulating host nymphs' behavior. Although the host species has a recognition system, the parasite evades colony defenses by using a chemical camouflage mechanism. We find support for the hypothesis of a new model of social parasitism among phylogenetically distant pseudoscorpion species. To survive in the host colony, the parasite applies a combination of strategies, previously observed in social brood parasite ants and birds. This phenomenon provides new knowledge of the Arachnida group and also for known models of social parasitism.
IntroductIon
Parasitism is a specialized and antagonistic relationship, widely distributed and capable of generating both diversity and extinction (Thomas et al. 2005) . Parasitism based on direct exploitation of host species and/or their resources probably constitutes a widespread way of life on Earth (Thompson 1994) . Recently, 2 rare forms of parasitism have been intensively studied as models for developing new perspectives on host-parasite coevolution: brood parasitism and social parasitism (Brandt et al. 2005a) . These 2 types of parasitism involve complex adaptive and counter-adaptive mechanisms, just as in an arms race (Dawkins and Krebs 1979) .
Brood parasitism occurs most frequently among birds (Davies 1989; Davies and Brooke 1989; Rothstein 1990 ) and insects (Muller et al. 1990; Brockmann 1993; Zink 2003) . In birds, brood parasites, such as cuckoos and cowbirds, avoid the costs of nest building and rearing young by laying their eggs in the nests of the host species. In insects, brood parasitism may be intra-or interspecific and has been described mainly in hymenoptera, such as solitary wasps and bees (Wilson 1971; Bourke and Franks 1991; Cervo et al. 2004; Smith and Schwarz 2006) . As with avian brood parasites, these insect brood parasites exploit host investment in nest building and brood care (Tallamy and Horton 1990; Field 1992; Zink 2000) . By contrast, social parasitism in hymenoptera involves not only the exploitation of parental care but also exploitation of the host social system. It constitutes many intermediate forms of parasitism, which can be inter-or intraspecific, temporary, or obligatory. In the most extreme example-inquilinism in ants-parasite queens infiltrate a host colony and use the services provided by workers of the host queen in order to produce only reproductive individuals (Hölldobler and Wilson 1990; Stuart 2002; Huang and Dornhaus 2008) . Other cases of social parasitism have also been detected in aphids (Miller 2004; Wang et al. 2008) .
Arachnids (Araneae) have species that constitute complex societies (Avilés 1997; Gonzaga 2007; Lubin and Bilde 2007) and some harvestmen can be found in interspecific aggregations (ElpinoCampos et al. 2001) , involving cooperative defense of better humidified shelters and protection against predators (Machado and Vasconcelos 1998; Machado et al. 2000; Elpino-Campos et al. 2001; Machado and Raimundo 2001; Pereira et al. 2004 ). However, information on social parasitism in these systems is scarce or nonexistent. Yet, pseudoscorpions, the fourth most diversified group among arachnids, with more than 3350 known species (Harvey Behavioral Ecology 2011) , suffer from a general lack of studies about their ecology and behavior. However, pseudoscorpions show very intriguing biology and its study is bringing promising advances to ecology and evolution , 2006a , 2006b , 2007 that make this group especially interesting for experimentation and testing ecological hypotheses.
During our studies with pseudoscorpions in the southeast of Brazil (Del-Claro and Tizo-Pedroso 2009), we observed a rare case of a complex sociality in a Neotropical species whose evolution of sociality was based on shared parental care. Additionally, we also observed that colonies of social Paratemnoides nidificator (Balzan 1888) (Atemnidae) may host another pseudoscorpion species, Parachernes melanopygus (Beier 1959) (Chernetidae). Previous field and laboratory observations suggested that P. melanopygus could be parasitizing the social system of P. nidificator. Based on this, we hypothesized that P. melanopygus is a social parasite of P. nidificator. In the present study, we investigated the ecological role of each species in the aggregations. We used experimental manipulation of colonies to determine: 1) Does P. melanopygus live as a social parasite in colonies of P. nidificator? 2) What are the resources and/or services exploited by the parasite? 3) Is there interference between both species, affecting resulting variations in the survivorship of each species? 4) What are the parasite strategies that maintain the relationship?
Methods

Study species, collection, and housing
The Neotropical pseudoscorpion P. nidificator (3-7 mm in length) constitutes colonies (19 ± 10 individuals; mean number ± SD) in trees with rough bark, coexisting in a permanent social life (TizoPedroso and Del-Claro 2007). The pseudoscorpion P. melanopygus also belongs to a Neotropical genus with more than 40 species; very little is known about its ecology or behavior. We found a few individuals of this species (7 ± 4 individuals; mean number ± SD; N = 47) living inside P. nidificator colonies in southeast and centralwest Brazil.
In Table 1 ). We found that 16% (N = 47) of colonies were infested by P. melanopygus. These colonies were collected and transferred to the laboratory in a transparent plastic box (500 mL) with bark fragments from where each was located. One piece of wet cotton was added to the boxes for humidity maintenance. The colonies were maintained in captivity for study (Universidade Federal de Uberlândia), for observation and experimentation following Tizo-Pedroso and Del-Claro (2005) . For food, the pseudoscorpions received live termite workers (Armithermes sp.) or larvae of tenebrionid beetles, Palembus dermestoides (Fairm. 1893), following the proportions of 1 termite per 2 pseudoscorpions, or 1 larva per 4 pseudoscorpions, twice a week. The wet cotton pieces were replaced in each colony twice a week during the rainy season and 4 times in the dry season. Occasionally, the fission of P. nidificator's colonies was observed and the behaviors of P. melanopygus during the dispersion attempts of record.
Effect of interaction between species
To evaluate the behavior and interactions of each species in mixed colonies, a manipulative set of experiments based on the colonies' composition were conducted. Thus, control group 1 (16 colonies) had monospecific colonies of P. nidificator (25 ± 5 adults and nymphs) and no P. melanopygus. Control group 2 (12 colonies) had mixed colonies including adults and nymphs of both species (P. nidificator-25 ± 5 individuals; P. melanopygus-10 ± 4 individuals). Control group 3 was considered a treatment group and was never observed under field conditions. It was composed of monospecific aggregations (13 colonies) of P. melanopygus (15 ± 5 adults and nymphs). All colonies were fed as previously mentioned. The colonies were monitored daily over 45 days (enough time to evaluate starvation and mortality). The behavioral acts of the animals were observed (all occurrence sample, sensu Altmann 1974) and registered. The number of live individuals of each species in each colony was recorded at the end of the 45 days. We also carried out observations of reproductive, foraging, and dispersion behaviors whenever possible, under both natural and laboratory conditions. The values (obtained in proportion) were transformed into arcsine of square root of X + 0.5 and the normal distribution of these values was evaluated by the one sample Kolmogorov-Smirnov test. Homoscedacity was verified by dividing the variance in sample 1 by the variance in sample 2. The survival values obtained after the transformation were contrasted by two-way analysis of variance (relating the species vs. the type of aggregation: one species or mixed).
Interspecific recognition
To evaluate interspecific recognition, a manipulative experiment was conducted. From the 47 colonies collected, we randomly selected 10 not used in the first experiment, and removed from each, 2 adult individuals (1 male and 1 female) of each species. These individuals were isolated for 24 h in a 15-mL acrylic vial (Supplementary Figure 1) . For each group of 10 males or females of each species (males and females were chosen to better view the effects on both sexes), by the flip of a coin, the pseudoscorpions in each group were designated as control or treatment. After 24 h, the control individuals were reintroduced in the original colony and the treatment pseudoscorpions were introduced in a new colony. The animals were observed over 72 h (20 min of observation with 6-h intervals), following focal animal and ad libitum methods (Altmann 1974) , to record agonistic interaction between P. nidificator and P. melanopygus. We also recorded the number of accepted or dead P. melanopygus over the 72 h. These numbers were compared using a binomial test.
Strategies to invade colonies
Previous observations over 10 years under field and laboratory conditions (Tizo-Pedroso and Del-Claro 2005 , 2007 , 2011 had determined that P. nidificator are able to identify conspecifics and also unrelated individuals (unpublished data). Thus, an additional experiment based on odor impregnation, without physical contact, was performed to evaluate how individuals of P. melanopygus overpass the identification mechanisms of P. nidificator and how the potential parasite successfully invades host colonies. Two sets of 60 individuals of both species, originating from 30 different parasitized colonies (we removed 2 pseudoscorpions from each colony), were kept individually in a sterilized 2-mL Eppendorf whose cover had previously been substituted with a nylon involucre mesh, sufficiently thin that the animals could not escape. Individuals of each species were randomly divided into 2 groups of 30 animals isolated in the Eppendorfs. These individuals were marked using nontoxic paint for children. This technique had been used previously by TizoPedroso and Del-Claro (2011) without promoting agonistic reactions of the pseudoscorpions. For each species, one group was also randomly designated as control and the other as treatment. Next, the 30 pseudoscorpions in each control or treatment group of each species were divided into 2 further groups of 15 individuals. The 2 groups of P. nidificator consisted of 7♂ and 8♀, whereas the 2 groups of P. melanopygus were composed of 6♂ and 9♀ or 7♂ and 8♀, respectively. Thus, these final groups of each species were (by the flip of a coin) designated as 24-or 48-h groups. Individuals in the control groups were maintained for 24 or 48 h in a Petri dish in contact with just a piece of tree bark of the same species on which the colonies had been conditioned (Caesalpinia pelthophoroides Benth.) (the piece of bark was previously washed with neutral detergent and maintained in the laboratory oven for 24 h before being used in Petri dish preparation). The control group animals were able to stay inside the Petri dish with a P. nidificator colony, but without physical contact. To receive the pseudoscorpions, we used 30 new colonies, prepared previously by dividing colonies collected from the field. In the treatment groups, each tube was deposited for 24 or 48 h inside a mixed colony, different from its original colony. The tubes were positioned inside the Petri dish with the opening, now covered by the nylon mesh, extended back to the bark fissure as close as possible to the resident pseudoscorpions. After periods of 24 or 48 h, the animals in the treatment groups were released inside the colony used for the treatment experiment, whereas animals in the control groups were released into new parasitized colonies (Supplementary Figure 2) . Each of the 30 colonies received 2 pseudoscorpions, the P. nidificator released first and later the P. melanopygus. Individuals were released with an interval of 1 day from the previous one. After release, each animal was observed over 72 h (20 min of observation with 6-h intervals). The numbers of dead and accepted individuals were analyzed with the binomial test.
An additional test evaluated a similar effect of interspecific identification with a pseudoscorpion species external to the relationship. The pseudoscorpion Americhernes bethaniae (Mahnert 1979 ) is a small Neotropical Chernetidae commonly found in the Cerrado. During the years of study, adults of this pseudoscorpion were frequently found in the same trees as P. nidificator, but never inside the colonies. Thus, the variation in acceptance of A. bethaniae allowed us to establish a parallel comparative analysis regarding the acceptance of P. melanopygus individuals in P. nidificator colonies. In a new test, 30 adult individuals of A. bethaniae (17♀ and 13♂) previously collected in the field were inserted, individually, in 15 colonies of P. nidificator. The animals were exposed to the same experimental procedure described above. After release, each animal was observed for 15 min at intervals of 3 h over 72 h. Individual acceptance was measured by recording the number of individuals that remained alive inside the colony, and it was analyzed with the binomial test.
results
Interaction between P. nidificator and P. melanopygus
The results showed that species reacted differently in the monospecific and mixed treatments. Paratemnoides nidificator's mean survivorship was higher when isolated (85%) than when in the presence of P. melanopygus (53%). On the contrary, P. melanopygus's mean survivorship in mixed colonies was higher (80%) than in monospecific colonies of P. melanopygus (22%). There was significant interaction between aggregation type and pseudoscorpion species (Table 1 and Figure 1 ).
Behavioral observations showed that P. melanopygus is unable to capture its own prey. These pseudoscorpions avoided the termites and beetle larvae offered as food and consumption of dead insects was not observed. Parachernes melanopygus fed on prey captured by the host species. However, predation of P. nidificator young by nymphs and adults of P. melanopygus was recorded (mean consumption of 30% of colony nymphs; 4 ± 2 individuals; mean ± SD; N = 12 colonies). Nonreproductive females of P. nidificator and adult males are responsible for hunting and offering food to young. Additionally, it was commonly observed that nymphs of P. melanopygus requested food from P. nidificator adults. Food request was marked by P. melanopygus touching individuals of P. nidificator with pedipalps, also involving pedipalp vibrations. This behavior preceded contact with P. nidificator prey. Pedipalp vibration is a common behavior of P. nidificator nymphs, occurring mainly during share of large prey. After food request, P. melanopygus individuals were able to feed on prey. Feeding was observed only after request behavior, excluding occasions that involved feeding on host nymphs. To reproduce, P. melanopygus used P. nidificator silk chambers, eventually killing and eliminating the nymphs that were sheltering in those structures. The embryonic and postembryonic development of the 2 species was also different (data summarized in Table 2 ).
Interspecific recognition
The experiment to evaluate intra-and interspecific recognition revealed that individuals introduced in a colony different from their original (treatment group) were identified (we recorded agonistic interactions like aggressive behavior that led to parasite death, or acceptance behaviors, such as nursing and feeding, that could lead to parasite acceptance in colonies) at a higher frequency than those reintroduced in the original colony (control group). This was significant in both species: P. nidificator (73.3% aggression; binomial test, Z = 2.2473; P = 0.0123) and P. melanopygus (81.8% aggression; binomial test, Z = 2.3440; P = 0.0095). Individuals reintroduced in the original colonies (control group) of both species were rarely teased (20% aggression).
Parasites acceptance in P. nidificator colonies
After a period of 24 h, introduction of pseudoscorpions in a mixed colony did not result in statistically significant differences in acceptance of individuals by the colony members independent of species or treatment (P. nidificator, binomial test, Z = −0.37; P = 0.71; P. melanopygus, binomial test, Z = 0.73; P = 0.46; Figure 2A ). After 48 h of odor exposition, the proportion of P. nidificator individuals accepted by unrelated colonies did not differ significantly from the experimental group (binomial test, Z = 0.745; P = 0.446). On the other hand, control group individuals of P. melanopygus suffered significantly more aggression by resident host individuals than those in the "treatment group" (binomial test, Z = 2.236; P = 0.0253; Figure 2B ). Thus, P. melanopygus, when exposed to longtime colony odors, was able to approaching and invading new colonies (80% of cases). The observations of A. bethaniae in colonies of P. nidificator demonstrated that this small pseudoscorpion is sufficiently agile to avoid the attacks of P. nidificator. It was observed that these pseudoscorpions behaved differently from P. melanopygus, avoiding direct contact with P. nidificator in most observations. In spite of this, the A. bethaniae were identified and killed by P. nidificator (Figure 2) . The individuals of A. bethaniae were consumed by members of the colonies; this did not occur in the identification tests with P. melanopygus or P. nidificator described in the previous section.
Life cycle of P. melanopygus
Observation of laboratory colonies allowed us to describe the life cycle of P. melanopygus (Table 3) . Females of P. melanopygus reproduced inside P. nidificator colonies by usurping molt chambers (78.57% of 14 reproduction events) or building a small silk chamber (an incomplete chamber with a dome form; 3-21.43%-of 14 events observed) (Supplementary Figure 4) . The parasite female stays with her brood sac for about 2 or 3 days after the embryos molt to second instar. Then, the P. melanopygus female locates a female of P. nidificator that is not reproducing (not carrying a brood sac or taking care of protonymphs). Parachernes melanopygus deposits its brood sac close to this new female, which generally adopts the embryos (8 successful adoptions by host, out of a total of 10 parasite dispensation attempts). This P. nidificator female then began to taking care of the nymphs. The nymphs grow inside the colony together with the host nymphs, sharing their food, or receiving prey from the host mother or other adults.
Despite the greater body size of the host nymphs, they are vulnerable during the ecdysis period and parasite nymphs can feed on them. Several P. melanopygus nymphs and adults may share a host nymph (3 ± 1 parasite individuals, N = 20 feeding events). The torpor phase and ecdysis occurred inside chambers built by host nymphs. Parachernes melanopygus nymphs rarely built their molt chambers. During observation, there were no recordings of P. melanopygus attempting active evasion of colonies. Additionally, the adults do not participate in prey capture events; however, they share food with P. nidificator adults or they steal the prey of young hosts. Their reproduction, characterized by pairing behavior and indirect sperm transfer, occurred inside host silk chambers (N = 6 mating events). The pairing behavior of P. melanopygus was followed by male ritualized behaviors, involving body, leg, and pedipalp vibrations. These behaviors attracted the attention of P. nidificator individuals that examined the P. melanopygus by touching them with pedipalps. Despite the close presence of P. nidificator, the sperm transfer of P. melanopygus appeared to occur successfully.
The main dispersion mechanism was related to the host dispersion strategy, colony fission. In the laboratory, 3 fission events of parasitized colonies were observed and during the segregation of new groups, it was observed that the parasites accompanied one or both new host colonies (Supplementary Table 2 ).
dIscussIon
The results of observations and experiment performed in this study allow us to accept the hypotheses that P. melanopygus behave 
Dispersion, location, and invasion of the host colony
Identification systems are fundamental for the maintenance of insect societies (Howard and Blomquist 2005) . As such, mechanisms of inter-and intraspecific identification also act as strategies Breaking the host identification system is the primordial stratagem for parasite success. The 2 main strategies for this are chemical mimicry and chemical camouflage (Akino 2002) . In agreement with Strohm et al. (2008) , chemical camouflage is more frequent among social wasps, once the parasites can sequester several components of a series of substances present in the nests, besides those produced by the individuals that compose the colony. Chemical camouflage is expected to be more common among brood parasites. Parasites that exploit solitary hosts cannot expose themselves to many chemical tracks. In fact, chemical camouflage can be seen in cases where a social parasite belongs to a different taxonomic group from its host (Akino et al. 1999; Akino 2002; Nash et al. 2008) as well as to the same taxonomic group (Bagnères et al. 1996; Lenoir et al. 1997; Sledge et al. 2001; Lorenzi et al. 2004; Brandt et al. 2005b) , or even to a combination of chemical camouflage and mimicry (Dettner and Liepert 1994; Lenoir et al. 2001 ). The present study suggests that P. melanopygus is able to overpass this identification mechanism. The increase in acceptance of parasite pseudoscorpions in relation to time of exposure to host cues could be occurring by chemical camouflage. The approach to the host colony is a crucial moment for the success of parasite invasion. An attempt at direct invasion would certainly cause identification and elimination of the parasite pseudoscorpion. Instead, the individual stays at the colony's margin for some days, increasing its chances of success.
The identification and removal of the parasite by the host in less than 24 h in odor experiments confirms the parasite's need to adjust its own odor for each new colony it intends to infest. This finding has great implications for the dispersion strategies of the parasite. A dispersing parasite pseudoscorpion must find another colony, acquire odors and adjust, suffering the risk of being detected and destroyed. Thus, a dispersion strategy based on colony fission offers a more secure alternative to the parasite: a minor risk of predation and a warrant to continue to exploit the host. Colony fission is the main dispersion behavior in P. nidificator, which confers a high likelihood of the successful establishment of new colonies (TizoPedroso and Del-Claro 2007). Exploiting this dispersion mechanism, the parasite expands its time in the colony and consequently its survivorship. However, the severe reduction in numbers of host individuals by parasite action also affects resource availability for its own parasites and the time that they can stay in the colony. This controls the need to search for new hosts.
Adaptive features: body size and life cycle
The life cycles of the studied pseudoscorpions showed marked differences. Some of these differences may be the result of the discrepancy in body sizes. Parachernes melanopygus is considerably smaller (1.5-2 mm) than its host (3-7 mm). However, this is a synapomorphic condition because species of the Parachernes genus are relatively small, suggesting that this characteristic cannot represent an adaptation to a socially parasitic life style specifically. Despite this, the reduced size of the parasite should increase the chances of host error in discriminating between its own nymphs and the parasite's. A peculiar characteristic of inquiline ants is their smaller body size compared with the sizes of the host species. In the case of P. nidificator, vibrations are very common behaviors mediating adultjuvenile communication. The reduced size of parasites could better simulate the size of host nymphs. This condition can indicate an adaptive characteristic of the parasite, assisting its early development in relation to host development, and reducing its nutritional needs (Bourke and Franks 1991; Nonacs and Tobin 1992; Aron et al. 1999) .
It is known that reduced body size is related to short development. In fact, P. melanopygus develops more quickly than P. nidificator. In this case, this difference should not indicate a selective pressure for accelerated development but only a natural condition. In spite of this, natural differences in the development of these species seem to simulate the inquiline ant's development (Aron et al. 1999) . Although the reduced size of the parasite and its early life cycle do not indicate adaptive characteristics, they probably have a role as precursory factors for the arrival of parasitic life in pseudoscorpions. Thus, these features could act as preadaptations evolved under other conditions that subsequently favored parasitic conditions. 
Parasite and its virulence
The term virulence has a wide variety of meanings, possessing specific definitions in different fields of science (Schall 2002) . However, as a consensus, infection by a parasite affects several attributes of the host in different ways, causing loss of one or more fitness components, whereas another component can sometimes be directly or indirectly increased (see Schall 2002) .
Parachernes melanopygus caused significant losses in several components of the host's fitness, including reduction in food resources, exploitation of maternal behavior, and predation on juveniles. According to Schall (2002) , the information most difficult to obtain on parasite virulence refers to their effects in reducing the host's lifespan. In fact, parasites caused a reduction in the number of adult pseudoscorpions in colonies and, more aggressively, they eliminated a great proportion of the host offspring. In addition, host females taking care of parasite broods do not proceed in their own reproduction until the parasite nymphs reach second or third instar, which could reduce colony growth. So, P. melanopygus can be considered a highly virulent parasite because it reduces host colony size, causing high mortality over a medium length time frame.
The extent of damages caused by a parasite can be a consequence of its rarity, in other words, of its spatial distribution being restricted to small fractions of the host populations. The frequency and evolution of defensive mechanisms against invasion are related to the prevalence of the host (Schmid-Hempel 1998). An alternative and specific model predicts that a severe reduction in a host's fitness should generate a high increment in the parasite's survivorship. The effect of virulence, then, may not be related to parasite rarity but could indicate an evolutionarily stable strategy. Cuckoos and "honeyguides" reduce competition for resources by causing the death of host offspring (reviewed by Kilner 2005) . The effect of virulence in pseudoscorpions is similar to the impacts caused by brood parasite bird species. Cuckoos cause reductions in the host's offspring to obtain incremental benefit in their own reproduction (Kilner 2005) . In addition, parasite fecundity tends to be higher when virulence is high, in spite of reducing its time with the host (Day 2003) .
Phylogenetic relationship and evolution of social parasitism
In most hymenopterans, the obligate social parasite usually exploits a single host species. The parasite is generally phylogenetically close to its host, when not belonging to a sister group (Stuart 2002; Huang and Dornhaus 2008) . Intermediate and facultative forms of parasitism usually exploit 2 or more hosts, not necessarily close phylogenetically (Stuart 2002; Huang and Dornhaus 2008) . Therefore, Emery's rule predicts that a parasite species develops in sympatric speciation with its host, being the cause of obligate and species-specific parasitic relationships. The alternative model is based on the allopatric evolution of species (discussion on the hypothesis; Bourke and Franks 1991; Berlocher 2003; Savolainen and Vepsalainen 2003; Sumner et al. 2004; Hora et al. 2005; Smith et al. 2007; Huang and Dornhaus 2008) .
Although these hypotheses explain satisfactorily the emergence of inquilinism in insects, they are not applicable to the context of social parasitism observed here in pseudoscorpions. Despite the 2 species belonging to the same Superfamily (Cheliferoidea), they are in different families (see Harvey 1992; Proctor 1993) . A model of social parasitism in ants that does not fit Emery's rule was studied by Maschwitz et al. (2000) . According to the authors, species that are not explained by the sympatric model must have experienced different adaptive process, probably starting from a less complex ancestral parasite that suffered adjustment of several attributes, such as its communication system, niche, and other characteristics, to exploit its host more efficiently. The social parasitism seen in P. melanopygus suggests a long history of interactions and adaptations to exploit their host, indicating an old evolutionary relationship.
The results here presented allow us to classify the pseudoscorpion P. melanopygus as a parasite, in agreement with the classical model of parasitism (sensu Combes 2005) . The parasite subsists by exploiting the host's resources and social system (Stuart 2002 
